The Lightest Kaluza-Klein particle (LKP), which appears in the Universal Extra Dimension theory (UED), emits gamma-ray directly or secondarily, when it annihilates. The gamma-ray signal from annihilation of LKP will create prominent structure around the LKP mass, and we expect the structure can be observed by using ongoing and near-future space-based detectors with a few percent energy resolution. On the other hand, ground-based detectors, such as HESS, have 15-20% energy resolution, so we could not see a peak structure in the gamma-ray spectrum from LKP annihilation. However, by using HESS observational data, even if the peak structure does not seem to appear in the gamma-ray spectrum, we can set constraints on the boost factor, which determines the density distribution and the annihilation cross section of dark matter in the Galaxy. In addition, we discuss how we can set constraints on the boost factor, when the high accuracy gamma-ray observational data is obtained by space-based detector.
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Introduction
A large fraction of the matter in the Universe is occupied by dark matter. At present, one feasible candidate of cold dark matter (CDM) is the weakly interacting massive particles (WIMPs). The density of CDM is given by Ω CDM h 2 = 0.1187 ± 0.0017 [1] , where Ω CDM is the CDM density parameter of the Universe expressed as a fraction of the critical density for a flat universe, and h is the Hubble constant in units of 100 km s −1 Mpc −1 .
New particles predicted by the theory of universal extra dimensions (UED) are called KaluzaKlein (KK) particles. Here, we consider the theory of UED containing only one extra dimension, which is compactified with radius R. We assume that the lightest KK particle (LKP) is a feasible candidate for dark matter, and we denote it B (1) , which is the first KK mode of the hypercharge gauge boson. Because dark matter should be electrically neutral and stable, the LKP either does not interact with the standard model particles or only weakly interacts with them. The LKP mass m B (1) may be in the range 0.5 TeV ≲ m B (1) ≲ 1 TeV using the above value for CDM density [2] .
There are some LKP annihilation modes which contain gamma-rays as final products. These include gamma-ray "lines" from two-body decays, and "continuum" emission from decay or fragmentation of secondaries. The cross section for B (1) pair annihilation has been calculated [3] , and we assume the mass splitting is 5% at the first KK level. In addition, branching ratios into these modes can be calculated for B (1) pair annihilation [2, 4, 5] , which are given as follows: 20% for charged leptons, 11% for up-type quarks, 0.7% for down-type quarks, 1% for charged gauge bosons, and 0.5% for neutral gauge bosons [5, 6] . This paper considers three patterns for the continuum: B (1) pairs annihilate into (i) quark pairs, (ii) charged lepton pairs which cascade or produce gamma-rays, and (iii) two leptons and one photon (l + l − γ). When B (1) pairs directly annihilate into photon pairs, they appear as a line at the m B (1) in the gamma-ray spectrum, which is the most prominent signal of KK dark matter. This study focuses on the detectability of this "line" structure by near-future detector taking account of their finite energy resolution.
The gamma-ray flux from annihilation of dark matter particles in the Galactic halo can be written as [7] 
where M is the dark matter mass, B i is the branching ratio into the tree-level annihilation final state i, the function ρ(l) is the dark matter density along the line-of-sight l(ψ), where ψ is the angle with respect to the Galactic center, dN i γ /dE γ is the gamma-ray spectrum generated per annihilation, and ⟨σ v⟩ is the total averaged thermal cross section multiplied by the relative velocity of particles. Now, we define a "boost factor", B f , which describes the signal enhancement from dark matter annihilation in the Galactic halo [8] . N-body simulation study given by Navarro-Frenk-White (NFW) [9] , for example, indicates a large B f . The boost factor B f is defined as following expression
where 3 × 10 −26 cm 3 s −1 is the typical cross section multiplied by velocity expected for thermal production of CDM [10] , the volume ∆V is a diffusion scale, and ρ 0 (l) is a typical CDM density profile along a line-of-sight, l.
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Near-future missions equipped with high-energy-resolution gamma-ray detectors may resolve this issue as we discuss in the following. They could be space-based calorimetric detectors like the Calorimetric Electron Telescope (CALET) [11, 12] , Wukong (DAMPE) [13] or GAMMA-400 [14] . Former two detectors have been in orbit since 2015 August and 2015 December, respectively, and the last one is planned to be launched in the middle of 2020s. These have a percent-level energy resolution and a detection area of one to several thousand square centimeters. The smallness of the area, compared with atmospheric Cherenkov telescopes, can be compensated by a longer exposure time in orbit.
In this paper, we analyze the gamma-ray spectral features from B (1) pair annihilation taking account of the finite energy resolution of gamma-ray detector and purposefully discuss the observability of the "line" at the m B (1) . We then give possible constraints on the boost factor by near-future detector.
The effect of energy resolution
Here, we discuss the effect of energy resolution of detectors. If the measured energy dispersion for mono-energetic gamma-rays behaves as a Gaussian distribution and the energy resolution of the detector is finite, the measured gamma-ray spectrum is blurred.
In addition, we analyze how the "line" from the B (1) pair annihilation into photon pairs looks above the "continuum". In Fig. 1 , the solid line shows the continuum component only with an energy resolution of 1%, and the patterned lines show "line" plus "continuum" spectra for different energy resolutions: the dotted line, dashed line and dot-dashed line show the spectra when the energy resolution is 0.5%, 1% and 2% with the Gaussian distribution respectively, assuming the boost factor B f = 100. For 2% energy resolution, the peak structure is difficult to see.
To investigate the tendency of the line component quantitatively, we consider the line to continuum ratio, which is referred to as "Line Fraction (LF)". LF is defined as
where F c i , F l i are the fluxes of the continuum component and the line component of the i-th energy bin, respectively, and the energy bin width is set to 0.5 GeV. The summation runs from the lower to the upper energy limit of the observed line. This range is taken as −3σ E to +3σ E for each m B (1) , since the flux above m B (1) drops rapidly. The result is shown in Fig. 2 as a function of m B (1) . In this figure, we can see that the value of LF increases as m B (1) becomes heavier, which implies characteristic peak structure is clearer for heavier m B (1) .
We can transform the spectra into counts to be observed by gamma-ray detectors. This is accomplished through multiplying by a factor of 3 × 10 6 m 2 s for an assumed observation time of 1 yr = 3 × 10 7 s and an assumed effective area of 0.1 m 2 . These values arise from the typical aforementioned CALET sensitivity [12] . Then, we vary the mass from 500 GeV to 1000 GeV in 100 GeV intervals, and calculate the count spectrum for each mass. Here, we do not consider for the systematic error, because the shape of spectral features will not be changed. The results are shown in Fig. 3 , which shows that the characteristic peak structure is visually clearer when m B (1) is heavier. That is, the line component becomes relatively larger since the continuum component decreases for heavier m B (1) . (1) , assuming an energy resolution of 0.5% and 1%. The dashed curve is drawn to guide to the eyes.
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Discussion
We now discuss the observability of the LKP signal in near-future detectors, taking account of present gamma-ray observations. That is, we give estimates for the accessible range of the boost factor based on upper limits on extra component in energy spectra. Here, we consider the gammaray spectrum of HESS J1745-290 located near the center of the Galaxy. This gamma-ray source can be identified as the Galactic center, Sgr A * [15] . Its energy spectrum above 200 GeV is given by [16] 
Note that with the energy resolution of HESS (15-20%), which is a system of atmospheric Cherenkov telescopes on the ground, the LKP "line" signal is broadened and hard to detect, but the "continuum" signal could produce some structure in the energy spectrum as below. Now, we investigate the upper limit on the boost factor, B f , with the HESS J1745-290 spectrum. To do this, we assume the spectrum is composed of a background spectrum, represented by a power-law with an exponential cutoff, and a LKP signal. Then we employ the least-squares method to set limits on B f . Thus the model spectrum is given by with a background gamma-ray spectrum, dΦ
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where C B and Γ B are a coefficient and a power-law index of the background spectrum. Here we assume that the energy resolution of detector is 20%, which corresponds to that of HESS, so the "LKP Flux", dΦ LKP γ /dE γ , has the line plus continuum components blurred by 20% energy resolution. The goodness of the model fit to the HESS data can be tested by the sum
where "data" is the HESS data points, σ i is its error, and "model" is given by Eq. On the other hand, we can think of the case that gamma-rays are detected by space-based calorimetric detectors like CALET or Wukong (DAMPE). With their fine energy resolution, we expect that the peak structure can be detected around m B (1) . When a large number of gammaray events with 0.5% energy resolution are accumulated, we may see the LKP plus background spectra as shown in The relevant value for the boost factor, B f , to explain the total electron plus positron spectrum observed by AMS-02 is given in range from 0 to 240 by assuming specific dark matter halo density model, halo propagation model and m B (1) = 1000 GeV [17] . This constraint can be comparable with our result for analysis of the gamma-ray spectrum. 
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Conclusion
In this paper, we discussed the observability of characteristic spectral feature appearing in secondarily produced gamma rays from annihilation of LKP dark matter near the Galactic center.
Energy resolution plays a key role in detecting the line structure of the gamma-ray spectral features expected from annihilation of LKP dark matter as predicted by UED theories. This paper investigated the effects of energy resolution of gamma-ray detector and calculated the expected count spectrum. The predicted gamma-ray spectrum is the sum of the continuum and the line corresponding to the LKP mass, m B (1) , but this characteristic structure is diluted when we take account of finite energy resolution of detectors. The characteristic peak indicating m B (1) would be diffused if the energy resolution is 2% or worse as shown in Fig. 1 . In addition, if m B (1) is heavy, the observed gamma-ray spectrum will show the characteristic peak clearly because the continuum component decreases relative to the line component, as is shown in Fig. 2 and Fig. 3 .
The obtained upper limits on B f assuming the coefficient C B and index Γ B for the powerlaw background spectrum based on the HESS observation are given in Fig. 4 . In addition, if we can detect the LKP signal with 0.5% energy resolution detector, we would see the characteristic structure around the m B (1) , as is shown in Fig. 5 , when large number of photons are detected.
If the characteristic structure in gamma-ray flux is observed by new and future missions, like CALET [18] , Wukong [13] and GAMMA-400 [14] , we may conclude dark matter is made of LKP. It would be a conclusive evidence for the existence of extra dimensions.
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